A new and simple parameter-extraction method for the equivalent circuit of defected ground structure (DGS) is presented. Using this method, circuit simulation, based on the DGS equivalent-circuit model, show excellent agreements with the electromagnetic (EM) simulation. Further, our method is applied effectively to design a low-pass filter (LPF) with DGS. Comparison between simulation and measurement confirm the validity of the LPF configuration and design procedure. Simple structure and high power handling capability are obtained from the proposed LPF.
INTRODUCTION
Defected ground structure (DGS) for the microstrip line, which has period etched defects in the backside metallic ground plane, is one recent hotspot of microwave circuit design [1] [2] [3] . Compared to photonic bandgap (PBG) [4] [5] [6] , DGS has simple structure and potentially great applicability to design microwave circuits such as couplers, amplifiers and oscillators [7] [8] [9] .
Generally, DGS is composed of two square defected areas and a connecting slot, and can provide the bandgap characteristics in certain frequency bands. The bandgap characteristics can be explained by an equivalent circuit of DGS using a parallel L-C resonator.
In this paper, radiating effects are taken into account. The proposed equivalent circuit includes a parallel resistor to explain the radiating effects, and a new parameter-extraction method for the equivalent circuit is developed. To show the validity of the method, an LPF having two DGS patterns and a T-junction microstrip line is designed and fabricated. The results reveal that the proposed method outperforms the basic method described previously [1, 2] .
DEFECTED GROUND STRUCTURE PATTERN AND PARAMETER-EXTRACTION PROCEDURE
A microstrip line with a dumb-shaped DGS unit and its equivalent circuit are shown in Figure 1 . The equivalent circuit can be represented with a parallel R-L-C resonator. The equivalent circuit parameters, R r , L r , and C r , can be derived from the S-parameters based on the electromagnetic (EM)-simulation. Once the S-parameters are obtained, these parameters can be extracted by using the relation between the S-parameters and ABCD-parameters as follows: (5), the extracted values of C r , L r , and R r are 0.1426 pF, 3.1721 nH, 6121 Ohm, respectively, while the extracted values of C r and L r are 0.1449 pF and 3.1743 nH, respectively, obtained by the basic method described in Ref. [2] . The transmission characteristics of the microstrip line with DGS were simulated using the above-extracted values and are shown in Figure 2 , together with EM-simulation. In Figure 2 , the circuit simulations show excellent agreements with the EM-simulation. Also, the results reveal that the proposed method outperforms the previous basic method. The circuit simulations are completed by Agilent ADS 2002.
DESIGN OF MICROWAVE LOW-PASS FILTERS WITH DEFECTED GROUND STRUCTURE
In order to show the validity of the equivalent circuit and extracted parameters for the DGS unit, a three-pole LPF with attenuation pole was designed by employing two series DGS unit cells at the cutoff frequency of 3.74 GHz with 0.01 dB ripple level. Figure 3 shows the equivalent circuit and schematic of the designed LPF with DGS. The parallel capacitance C b , 2.67 pF, can be realized by using a parallel open stub. The open stub is realized with a T-junction structure where the stub width w 1 and length l are 6 and 12 mm, respectively. The filter characteristics were simulated and are shown in Figure 4 , together with measurement. Good agreements between the simulation and measurement validate the proposed design methodology of the microwave LPF with DGS. In addition, a high-impedance inductance microstrip can be realized by using a microstrip line with a conductor width corresponding to a 50-O microstrip with DGS, which can improve the power handling capability of low-pass filters. 
CONCLUSION
A new and simple parameter-extraction method for the equivalent circuit of DGS is introduced. The systematic analysis and parameter-extraction procedure are described. Further, a microwave LPF with DGS, based on the proposed parameter-extraction method, is designed and implemented. Simulation and measurement of the filter characteristic confirm the validity of the designed LPF. Additionally, simple structure and high power-handling capability are obtained from the proposed LPF.
